Preictal and interictal epochs are distinguishable in some patients using EEG measures of similarity with a reference state defined from the immediate preictal period.
h i g h l i g h t s
Preictal and interictal epochs are distinguishable in some patients using EEG measures of similarity with a reference state defined from the immediate preictal period.
Wavelet energy and entropy characterize the state underlying EEG epochs. Discriminability between preictal and interictal states varies with frequency bands.
a b s t r a c t
Objective: Identification of consistent distinguishing features between preictal and interictal periods in the EEG is an essential step towards performing seizure prediction. We propose a novel method to separate preictal and interictal states based on the analysis of the high frequency activity of intracerebral EEGs in patients with mesial temporal lobe epilepsy. Methods: Wavelet energy and entropy were computed in sliding window fashion from preictal and interictal epochs. A comparison of their organization in a 2 dimensional space was carried out using three features quantifying the similarities between their underlying states and a reference state. A discriminant analysis was then used in the features space to classify epochs. Performance was assessed based on sensitivity and false positive rates and validation was performed using a bootstrapping approach.
Results: Preictal and interictal epochs were discriminable in most patients on a subset of channels that were found to be close or within the seizure onset zone. Conclusions: Preictal and interictal states were separable using measures of similarity with the reference state. Discriminability varies with frequency bands.
Significance: This method is useful to discriminate preictal from interictal states in intracerebral EEGs and could be useful for seizure prediction. Ó 2012 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
A fundamental question about epilepsy is how seizures are generated and if they are predictable. The answer is often related to the investigation of pre-seizure periods for clinical and physiological changes that may explain the mechanisms leading to a seizure and potentially anticipate its occurrence. Studies of scalp and intracranial EEGs have demonstrated the existence of a preictal state using linear and nonlinear methods to detect temporal and spatiotemporal dynamic changes in the seconds to hours preceding seizures. Early work (Viglione and Walsh, 1975) showed a gradual change of EEG patterns in the minutes before seizure onset in a few samples. Further studies were carried out mainly with spectral analysis in an attempt to identify seizure precursors (Wieser and Preictal, 1989; Duckrow and Spencer, 1992; Osorio et al., 1998; Salant et al., 1998) . Characteristic changes were found in the seconds preceding onset. Other groups reported changes in spike activity in the pre-seizure periods (Siegel et al., 1982; Lange et al., 1983) . These findings were not confirmed (Gotman and Marciani, 1985; Gotman and Koffler, 1989) . Starting in the early 1990s, studies reported evidence that a preictal state is detectable with methods derived from nonlinear dynamics theory applied to EEG signals. Iasemidis et al. (1990) used the largest Lyapunov exponent as a measure of chaoticity from intracranial EEGs. Seizures were hypothesized to be transitional states between less ordered and more ordered states. Martinerie and Adam (1998) 
